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OPTICAL AND OPTO-ELECTRONIC INTERCONNECT ALIGNMENT 

SYSTEM 

Background of the Invention 

The present invention relates to an interconnect alignment system for use with 
optical and opto-electronic systems. More particularly, the present invention relates to a 
device for providing alignment control during mating of an optical or opto-electronic 
connector system. 

Cabinets traditionally used for electronic devices are now being utilized to 
accommodate optical and opto-electronic devices. In traditional cabinet designs, the 
cabinet comprises a box having a plurality of intemal slots (also known as racks), generally 
parallel to each other. Components are mounted on planar substrates (commonly referred 
to as circuit boards or daughter cards, or simply boards or cards) which are designed to 
slide into the slots within the cabinet. As a card is inserted into the slots within the 
cabinet, mechanical, electrical and/or optical connections are formed with mating 
components in the cabinet. 

Mating components in the cabinet are typically on a backplane in the cabinet. A 
backplane derives its name from the back (distal) plane in a parallelepipedal cabinet and 
generally is orthogonal to the plane of the inserted card. The term backplane as used in 
connection with the present invention refers to an interconnection plane where a 
multiplicity of interconnections may be made, such as with a common bus or other 
extemal device. For explanation purposes, a backplane is described as having a front or 
interior face and a back or exterior face. 

An example of a backplane connectivity application is the interconnection of 
telephone switching equipment. In this application, cards having optical and electronic 
telecommunication components are slid into cabinets. As a function of inserting and 
removing a card from a rack coupled to the backplane, coupling and uncoupling of the 
electrical and optical connections in the card must be completed in a blind mating manner. 

To maintain appropriate transmission of light signals in an optical connection, 
optical fiber ends should be carefully aligned along all three linear movement axes (x, y, 
and z), as well as aligned angularly. Alignment challenges increase and dimensional 
tolerances decrease as the number of optical fibers to be aligned increases. Blind mating 
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of a card-mounted component to a backplane connector has been found to create special 
challenges with regards to alignment and mating force issues along the axis of 
interconnection. 

For the purposes of the present description, the axis of interconnection is called the 

5 longitudinal or x-axis and is defined by the longitudinal alignment of the optical fibers at 
the point of connection. Generally, in backplane applications, the longitudinal axis is 
coUinear with the axis of movement of the cards and the axis of connection of the optical 
fibers in and out of the cabinets. The lateral or y-axis is defined by the perpendicular to 
the X-axis and the planar surface of the card. Finally, the transverse or z-axis is defined by 

10 the orthogonal to the x-axis and the backplane surface. The angular alignment is defined 
as the angular orientation of the card with respect to the x-axis. 

Ideally, the motion of sliding the card into a receiving slot simultaneously achieves 
optical and/or electrical interconnection between the card components and the backplane. 
However, dimensional tolerances of the cards, the components thereon and the slots 

15 themselves may result in excessive movement or "play" of a card in a slot. Thus, when an 
operator inserts a card in a slot, it is often difficult to maintain the leading card edge and 
components thereon in correct alignment with the axes of the baclq)lane. 

To achieve a good interconnection, the card components should be properly aligned 
along the longitudinal, lateral and transverse axes with the mating components on the 

20 backplane as the card is inserted in the slot. Longitudinal misalignment influences the 
"optical gap" (the distance along the longitudinal axis between the optical fiber ends of 
interconnected optical components). An optical gap will degrade the cormection, resulting 
in the loss or degradation of the optical signals and creates imdesirable intemal reflecting. 
On the other hand, excessive pressure on the mating faces, such as that caused by 

25 "jamming in" a card, may result in damage to the firagile optical fiber ends and mating 
components. Traditional optical gap tolerances are in the order of less than one micron. 
Lateral and transverse misalignment influence the ability to make an interconnection at all. 
If the card is sufficiently misaligned along the lateral or transverse axis, stubbing of the 
mating connector halves may occur and interconnection may be prevented completely. 

30 Figure 1 A illustrates a linearly misaUgned card 10 having a connector 12 mating to a 

backplane connector 14. In Figure 1 A, the card 10 is grossly misaligned along the lateral 
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(y) axis such that optical fibers 16 are not properly aligned and interconnection is 
prevented. 

Another consideration is angular misalignment of the card. Figure IB illustrates 
angularly misaligned card 10. The card is otherwise correctly aligned along the y and z- 
5 axes. At the point of contact between connectors 12 and 14, the angular misalignment 
prevents correct optical gap spacing between optical fibers 16 and causes undue pressure 
on one end of the connector and the respective optical fiber end faces. 

An additional subject of concem is "card gap", especially when dealing with 
backplane connector systems. Card gap is defined as the space remaining between the 
10 rear edge of a card and the interior or fi*ont face of the backplane. Li general, designers and 
users of backplane connection systems find it exceedingly difficult to control the position 
of a card to a backplane within the precision range required for optical interconnects. Card 
gap, otherwise defined as card insertion distance, is subject to a multiplicity of variables. 
Among these variables are card length, component position on the surface of the card, card 
15 latch tolerances, and component position on the backplane. 

Over-insertion of a card relative to the interior surface of a backplane presents a 
separate set of conditions wherein the backplane connector's components are subjected to 
excessive compressive stress when fixed in a mated condition. In certain instances the 
compressive stress may be sufficient to cause physical damage to the connector's 
20 components and the optical fibers contained therein. 

The need remains for a connector system that prevents component damage due to 
excessive operator force, compensates for linear card misalignment, yet provides accurate 
control of optical gap distance and mating force. 

25 Summary of the Invention 

The present invention provides an opto-electronic interconnect alignment system 
that provides linear and angular alignment control. In one embodiment, the alignment 
system of the present invention is useful for connecting at least one optical fiber mounted 
near the edge of a planar substrate (such as a daughter card) to a backplane. 
30 In one embodiment according to the invention, the connector alignment system 

comprises a base configured for moimting on a first substrate, and a housing movably 
engaged with the base. The housing is configured to secure an optical or opto-electronic 
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termination, such as a terminating ferrule for an optical fiber. The housing has a 
longitudinal range of motion and a lateral range of motion with respect to the base. When 
the housing is in an unmated position, the lateral range of motion is less than the lateral 
range of motion when the housing is in a mated position. In another embodiment 
according to the invention, the housing has a transverse range of motion, and the transverse 
range of motion is reduced when the housing is in an xmmated position. In another 
embodiment according to the invention, the housing has an angular range of motion, and 
the angular range of motion is reduced when the housing is in an unmated position. In 
other embodiments according to the invention, different and various combinations of 
lateral, transverse and angular ranges of motion are reduced when the housing is in an 
unmated position. 

Brief Description of the Drawings 

Figure 1 A is a side elevation view of a linearly misaligned card and a backplane 
connector. 

Figure IB is a side elevation view of an angularly misaligned card and a backplane 
connector. 

Figure 2 is an isometric cut-away view of a first embodiment of an interconnect 
alignment system in accordance with the present invention in a mated card position. 

Figure 3 is an isometric view of the interconnect alignment system illustrated in 
Fig. 2 in an unmated card position. 

Figure 4 is an exploded isometric view of the interconnect alignment system 
illustrated in Fig. 2. 

Figure 5 is an isometric view of the housing member and base of the interconnect 
alignment system illustrated in Fig. 2. 

Figure 6 is an exploded isometric view of another embodiment of an interconnect 
alignment system according to the invention 

Figure 7 is an assembled isometric view of the interconnect alignment system of 

Fig. 6. 

Figure 8 is a bottom view of the interconnect alignment system of Fig. 7 
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In the following Detailed Description, reference is made to the accompanying 
drawings which form a part hereof, and in which is shown by way of illustration specific 
embodiments in which the invention may be practiced. In this regard, directional 
terminology, such as "top," "bottom," "front," "back," "leading," "trailing," etc., is used 
5 with reference to the orientation of the Figure(s) being described. Because components of 
embodiments of the present invention can be positioned in a number of different 
orientations, the directional terminology is used for purposes of illustration and is in no 
way limiting. It is to be understood that other embodiments may be utilized and structural 
or logical changes may be made without departing from the scope of the present invention. 

10 The following detailed description, therefore, is not to be taken in a limiting sense, and the 
scope of the present invention is defined by the appended claims. 

Figures 2 and 3 illustrate an embodiment of an interconnect alignment system 100 
in accordance with the present invention. The interconnect alignment system 100 controls 
alignment by providing a self-aligning interconnect assembly 150 on a substrate. The self- 

15 aligning interconnect assembly is configured for mating with a housing 120 on a second 
substrate. In one embodiment according to the invention, the first substrate is a planar 
substrate, such as a daughter board or circuit card 102 which may have optical, 
optoelectronic, and electronic components thereon. The card 102 may be slideably 
inserted in a slot 105 defined by card guides 106. In one embodiment according to the 

20 invention, the second substrate is a backplane 104 having a through-opening 108 for 
receiving housing 120, a first interior surface 110 and a second, exterior surface 112. 

Although the exemplary interconnect alignment system 100 is described herein as 
providing alignment control between a circuit card or daughter board and a backplane, 
such description is for illustrative purposes only. It should be understood that the 

25 interconnect alignment system of the present invention is usefiil in providing alignment 
control for other types and configurations of mating connectors, and the invention is not to 
be limited to daughter board and backplane type systems. 

As illustrated, housing 120 is disposed within opening 108 of backplane 104. As 
best seen in the exploded view of Figure 4, housing 120 defines an array of four receiving 

30 cavities 132. Altemative embodiments may include a single receiving cavity or any other 
necessary number of cavities to accommodate various optical fiber cable connections. 
Each one of the cavities 132 includes a front opening 134 and a rear opening 136. For the 
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purpose of the description of the present invention the terms rear, front, forward or 
backward are merely illustrative to help describe the depicted embodiments with respect to 
the figures. Optional folding front doors 138 are coupled to close the front opening 134 
and rear doors 140 are coupled to close rear openings 136. The front and rear doors 138 

5 and 140 in the present embodiment include flat spring metal members hingedly coupled to 
the front and rear openings 134 and 136. The doors 138 and 140 are designed to fold 
down flat when a plug is inserted into the opening of the receiving cavity 132. In the 
present embodiment, the housing 120 comprises molded plastic pieces of a dielectric 
material that exhibit sufficient structural strength and dimensional stability to maintain 

10 control of the optical fiber's position. Such materials include, but are not limited to, 

thermoplastic injection moldable polymers that are filled or unfilled with reinforcement 
agents, and transfer moldable polymers such as epoxy. The doors 138 and 140 are made of 
a conductive metal material, such as tempered stainless steel, beryllium/copper alloys or 
other materials, and are optionally coupled to provide a grounding electrical path. The 

15 housing 120 may include mating features corresponding to common plugs or ferrules. 

It should be understood that housing 120 need not be disposed on or through a 
backplane as illustrated herein. In other embodiments, housing 120 may be disposed on 
alternate substrates and take other configurations, so long as housing 120 is configured to 
mate with a card mounted connector assembly 150 as described below. 

20 The front end of the backplane mounted housing 120 mates with card mounted 

self-aligning connector assembly 150 when the card 102 is advanced in the guide slots 
105. The back end of the backplane mounted housing 120 mates with a plug assembly 
142. The connector assembly 150 disposed on card 102 includes a housing member 152 
movably engaged with a base member 156. Base member 156 is securely mounted on card 

25 102. In the illustrated embodiment, base member 156 is removably secured to card 102 
using a combination of positioning pins 157 and screws 158. Those skilled in the art will 
be readily aware of additional methods for attaching base member 156 to card 102, in 
either a removable or permanent manner. Alternative embodiments may include 
attachment means such as mechanical fasteners, spring clips, adhesive or the like, or a 

30 combination thereof. 

As best seen in Figure 4, housing member 152 is movably engaged with base 
member 156 via the engagement of channels 159 on housing member 152 with rails 160 
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on base member 156. Chamiels 159 and rails 160 are in generally parallel alignment with 
the longitudinal axis. Channels 159 and rails 160 are generally loosely fitted to each other 
and are sized to permit housing member 152 to move or "float" relative to base member 
156 within a desired range of motion. The amount of float is preferably sufficient to allow 
5 lateral, transverse, and angular movement of housing member 152 when mated with 
housing 120. In one embodiment according to the invention, in the mated position, the 
range of motion of housing member 152 relative to base member 156 is in the range of 
approximately 0.030 to 0.050 inches in the lateral direction, and in the range of 
approximately 0.005-0.015 inches in the transverse direction. Jn the unmated position, the 

10 range of motion of housing member 152 relative to base member 156 is in the range of less 
than approximately 0.010 inches in the lateral direction, and in the range of approximately 
0.003-0.007 inches in the transverse direction. The illustrated housing member 152 and 
base member 156 define an array of four channels 159 and rails 160. Altemative 
embodiments may include a single pair of rails and chaimels, or any other number of rails 

15 and channels necessary to accommodate various sizes of housing members. 

As illustrated in Figure 5, the longitudinal movement of housing member 152 is 
controlled by a spring assembly 182. In the illustrated embodiment, the spring assembly 
182 includes two springs 184 laterally spaced with respect to each other and located 
generally at the lateral ends of the housing member 152 and base member 156. Springs 

20 184 are maintained in a slightly compressed state between housing member 152 and base 
member 156, and are held in position by a mandrel 186 or other suitable retention device. 
The term spring refers to a resilient or elastic member, such as a coiled spring, a biasing 
clip, an elastic band, a compression foam, or other similar devices known in the art. The 
spring assembly 182 serves to exert a forward force along the longitudinal axis on the 

25 housing member 152, thus urging housing member 152 to a forward position relative to 
base member 156. Housing member 152 reaches its extreme forward position when 
housing member 152 is not engaged with housing 120 (i.e., housing member 152 and 
housing 120 are in an vmmated condition). As an additional benefit, restorative forces are 
imparted to housing member 152 by springs 184 when lateral and transverse movement of 

30 housing member 152 occurs. That is, springs 184 tend to resiliently resist lateral and 
transverse displacement, thereby aiding in retximing housing member 152 to a centered 
location. 
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Again referring to Figure 5, housing member 152 and base member 156 are further 
provided with interacting alignment means 188 for directing housing member 152 to 
predetermined lateral and/or transverse positions relative to base 156 as the housing 
member 152 moves toward its forward position under the biasing force provided by spring 

5 assembly 182. In the embodiment illustrated in Figures 2-5, the alignment means include a 
tapered channel or notch 190 on the housing member 152 configured to engage a mating 
shoulder or protrusion 192 on the base member 156. The tapered notch 190 and shoulder 
192 are cooperatively shaped to direct the housing member 152 to a predetermined lateral 
and/or transverse position as the housing member 152 moves toward its forward position. 

10 In the illustrated embodiment, the housing member 152 is centered within its lateral range 
of motion. As the tapered notch 190 engages shoulder 192, the lateral range of motion 
gradually and smoothly decreases. Conversely, as housing member 1 52 moves away fi-om 
the forward position (as when housing member 152 mates with housing 120), the lateral 
range of motion increases. 

15 In altemate embodiments according to the invention, the cooperating notches and 

shoulders defining the alignment means may include notches and/or shoulders of different 
shapes, or in different positions on housing member 152 and base member 156. The 
position of the notches and shoulders could be reversed (i.e., notches in base member 156 
and shoulders on housing member 152). The alignment means may direct housing member 

20 152 to a position other than a central position in a range of motion (e.g., to an extreme end 
of a range of motion). 

In another embodiment according to the invention, as illustrated in Figures 6-8, the 
alignment means are integrated into the channels 159 and rails 160 of housing member 152 
and base member 156. Specifically, the dimensions and shapes of chaimels 159 and rails 

25 160 are varied and controlled along the longitudinal axis such that the amount of "float" 
provided to housing member 152 in the lateral and transverse directions varies in a desired 
manner as housing member 152 moves in the longitudinal direction. The angular range of 
motion is generally a function of the lateral and transverse ranges of motion. By 
controlling the "float" of housing member 152 relative to base 156, the position of housing 

30 member 152 can also be controlled. In the embodiment illustrated in Figures 6-8, the rails 
160 are narrowed (i.e., moved closer together) near the front of base member 156. When 
housing member 152 is biased by the spring 184 to the forward (unmated) position, 
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housing member 152 becomes centered in the lateral direction as a result of the reduced 
clearance created by the narrowing of the rails 160, A ramp 194 is provided to ease the 
transition of housing member 152 to its centered position. The position of housing 
member 152 in the transverse direction may be similarly controlled by increasing the 
5 thickness of rails 160 near the front of base member 156. When housing member 152 
engages housing 120, housing member 152 is pushed away from its constrained forward 
position and the lateral, transverse and angular ranges of motion of housing member 152 
increase. 

In an alternate embodiment according to the invention, the features of base member 
10 156 are integrated directly into the substrate on which housing member 152 is disposed, 
and base member 156 is omitted as a separate and distinct component. 

In the illustrated examples, base member 156 is rigidly secured to card 102. In 
other embodiments according to the invention, base member 156 is secured to card 102 
such that base member 156 is able to move or float relative to card 102. Base member 156 
15 can be provided, for example, with longitudinal, lateral, transverse, and angular ranges of 
motion relative to card 102 by providing chaimel and rail engagement features between 
base member 156 and card 102, similar to those described between housing 120 and base 
156. 

In each of the illustrated embodiments, the spring assembly 1 82 biases the board 
20 housing member 152 towards the front or mating edge of the daughter card 102, such that 
the housing member 152 is forced to move against the resistance of springs 184 when the 
housing member 152 is moved by an action opposite to that of the normal force of the 
springs 184, as when housing member 152 mates with housing 120. The combination of 
the forward bias of the springs 184 and the freedom of movement X2 of the housing 
25 member 152 along the longitudinal axis allows compensation for incorrect tolerances in 
the alignment of the card 102 with respect to the housing 120 on the backplane 104. The 
combined force of the springs 184 is selected to be greater than the summation of all 
opposing spring forces, such as those of the independent springs 178 of the individual 
mating ferrule assemblies. Otherwise, the combined force of the springs 178 of the ferrule 
30 assemblies would push the housing assembly backwards thus preventing the desired 
coupling between the board housing assembly 150 and the backplane housing 120. 
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However, the independent femiles still retain their range of movement, thus assuring a 
tight fit on each individual optical cable connection. 

Housing member 152 includes one or more hollow protrusions 154 shaped in size 
to correspond and fit into front openings 134 of a backplane moimted housing 120. The 
5 protrusions 154 of housing member 152 in the present embodiment are hollow and 
rectangular shaped and are terminated in a truncated pyramid shaped lead 162. The 
pyramid shaped lead 162 allow for compensation of small mating misalignments by 
directing the protrusions 154 into the receiving cavities 132 of the backplane moimted 
housing 120. Furthermore, the protrusions 154 are shaped to provide alignment with 

10 respect to the inside walls of receiving cavities 132. Protrusions 154 also provide an 
automatic pressure for opening front doors 138 during mating. The inner walls of 
protrusion 154 define a stepped cavity 164 that provides guidance to a fiber optic ferrule 
170 to be seated inside of the stepped cavity 164. In the illustrated embodiments, the 
stepped cavity 164 is shaped to receive an industry standard ferrule, such as the MT-Style 

15 optical ferrules. Stepped cavity 164 is designed in such a manner that it comprises a firont 
and a rear rectangular opening 166 and 168, respectively. The fi-ont opening 166 is sized 
to allow insertion of the ferrule 170 up to an internal flange 172. 

As best seem in Figures 2 and 4, a typical MT-style coimector includes a ferrule 
170 mounted on a stalk of optical fibers 174, slidably connected to a detente body portion 

20 176. The ferrule 170 has a limited range of motion xi along the longitudinal axis. The 

stalk of optical fibers 174 is allowed to move with respect to the detente body portion 176. 
A spring element 178 located between the ferrule 170 and the detente body portion 176 
forward biases the ferrule 170 towards a forward end of the range of motion. 

In the illustrated embodiments, the housing member 152 of self-aligning connector 

25 assembly 150 includes rear openings 166 designed to accept the MT-style coimector, 

including the detente body portion 176. The detente body portion 176 is retained against 
flange 173 while the fermle 170 is allowed to extend inside of protrusion 154 up to and 
through the fi-ont opening 168. The detente member 176 is designed in such a maimer that 
as the member 1 76 is inserted into the front of the stepped cavity 1 64, the spring 1 78 is 

30 compressed between detente member 176 and the ferrule 170, The ferrule 170 is 

prevented from traveling freely through the front opening 168 by a flange 180 formed in 
the ferrule 170. The flange 180 is formed to act as a travel stop for the ferrule 170 when 
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flange 180 is engaged with internal flange 172. The detente member 176 is provided with 
a latch feature 196 that engages the side walls of rear opening 166 of the assembly 150. 
Latching features 196 may be provided on both side surfaces of the housing assembly 150 
and the detente member 176. It may be desirable in some instances to remove detente 
5 member 176 from the housing assembly, and for these situations, a release feature is 

provided in the side of the housing. This release feature 196 is preferably cantilevered and 
allowed to pivot and thereby allowing the release feature to be sprung inwards to release 
the corresponding latch feature 196. 

The length of travel of the card 102 along slots 105 in card guides 106 is selected 
10 such that when in the coupled or mated position, the card mounted self- aligning connector 
assembly 150 exerts spring force on the backplane mounted housing 120. In a preferred 
embodiment, the width of the card gap should be greater than 0, preferably greater than the 
combined travel of the spring biased ferrules (typically 1 to 2 mm) relative to their 
respective housings. 

15 The range of motion xa of the housing member 152 with respect to the card 102 is 

sufficient to correct for tolerance errors in the range of movement of the card 102 along the 
card guides 106, and to absorb any excessive force imparted by the user when sliding the 
card before the card is stopped by the backplane mounted housing 120 or by any stop 
features that may be present in the card guides 106. 

20 The present invention addresses issues of linear misalignment between components 

on card 102 and mating components on backplane 104 by self-aligning the housing 
member 152 in an unmated condition to a predetermined position along its lateral and/or 
transverse ranges of motion. In one embodiment according to the invention, when in an 
unmated position, housing member 152 is positioned at the center of its range of lateral 

25 and/or transverse movement. Accordingly, in the unmated position, housing member 152 
is prevented from being at an extreme location in its range of movement and is therefore 
prevented from gross misalignment with housing 120, so that interconnection between 
housing member 152 and housing 120 can be assured. In the mated position, housing 
member 152 is permitted its full range of lateral, transverse and angular movement so that 

30 small ranges of misahgnment may be accommodated. In addition, in the mated position 
the housing member 152 is held tightly against the housing 120 and is subject to a constant 
spring bias provided by spring assembly 182. The advantage of providing the constant 
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Spring bias is to ensure that intimate contact is maintained between the housing member 
152 and 120 even in the event that the card 102 is subject to movement during its 
operation. 

Those skilled in the art will appreciate that the present invention may be used when 
coupling a variety of optical devices and even non-optical devices that require precise 
alignment. While the present invention has been described with a reference to exemplary 
preferred embodiments, the invention may be embodied in other specific forms without 
departing fi-om the spirit of the invention. Accordingly, it should be understood that the 
embodiments described and illustrated herein are only exemplary and should not be 
considered as limiting the scope of the present invention. Other variations and 
modifications may be made in accordance with the spirit and scope of the present 
invention. 
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